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We claim: 



1 . A method for identifying one or more proteins or protein functions in one or more 
samples containing mixtures of proteins which comprises the steps of: 

(a) providing an affinity tagged, substantially chemically identical and 
differentially isotopically labeled protein reactive reagent for each sample 
wherein the reagent has the formula: 

A-L-PRG 

where A is an affinity label that selectively binds to a capture reagent, L is a linker 
group in which one or more atoms can be differentially labelled with one or more 
stable isotopes and PRG is a protein reactive group that selectively reacts with certain 
protein functional groups or is a substrate for an enzyme; 

(b) reacting each sample with one of the protein reactive reagents to provide affinity 
tagged proteins or affinity tagged enzyme products in the sample, affinity tagged 
proteins and enzyme products in different samples being thereby differentially labeled 
with stable isotopes; 

(c) capturing affinity tagged components of the samples using the capture reagent 
that selectively binds A; . 

(d) releasing captured affinity tagged components from the capture reagent by 
disrupting the interaction between the affinity tagged components and the capture 
reagent; and 

(e) detecting and identifying the released affinity tagged components by mass 
spectrometry. 

2. The method of claim 1 wherein the affinity tagged proteins in the samples are 
enzymatically or chemically processed before or after their capture to convert them 
into affinity tagged peptides. 

3. The method of claim 2 wherein the protein portion of one or more of the affinity tagged 
proteins are sequenced by tandem mass spectrometry to identify the affinity tagged 
protein from which the peptide originated. 

4. The method of claim 1 wherein the protein portion of one or more of the affinity tagged 
proteins are sequenced by tandem mass spectrometry to identify the protein. 

5. The method of claim 1 in which the amount of one or more proteins in the samples is 
. also determined by mass spectrometry and which further comprises the step of 

introducing into a sample a known amount of one or more internal standards for each 
of the proteins to be quantitated. 

6. The method of claim 1 wherein PRG is an enzyme substrate and the enzymatic 
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9. 

10. 
11. 

12. 

13. 



16. 
17. 



velocities of one or more enzymes in a sample are determined by quantitation of 
affinity tagged enzyme products and which further comprises the !step offn t^ucina 
Lffinil t a T P H 3 kn ° Wn am °, Unt ° f ° ne 0r more internal stan ^rds for each of the 9 
qSaffd 9 eP2yme Pr ° dUCtS ° f 30 en2Vme ' the veiocit y of which - * 'o be 

lon^fw 0 ? °V daim 1 Wherein the released affinity ^gged components are 

^ * da ^g ^ idling th'eTompoTents by 

IS^dSSSu an'S rd h e^ed P,Ura,ity ° f ^ ^ ^ in "* 

The method of claim 1 further comprising a step in which one or more of the Drotein* 

I^^l h0d t °n C,aim + 9 Wh M fein 30 affinit y ta 9g ed - substantially chemically identical 

that fj5 k "? y T i° P1C ? L y labeled enz y me sub strate is prodded for each ^ enzyme 
that is to be detected and identified in a sample. enzyme 

The method of claim 1 wherein PRG is a protein reactive group that selectively reacts 

The method of claim 1 1 wherein two or more affinity tagged substantially chemieallv 
K to'oS^ reaCt, ° n W,th Pr ° teinS Pr0Vided and reaCted with 



M ' Wentml? 011 ° f C,3im 1 3 Wh8rein a " ° f the proteins in a sa "P'e are detected and 
15. 



mo^S ? C ' aim , 1 Whe 7 in the relative amount s of one or more proteins in two or 
more different samples are determined and which further comprises the steos of 
combining the . differentially labeled samples, capturing afR^^ged «m^ts 
taoaed ci^Tn ?k ^ 3nd m6aSUrin9 the re,ative abundances of°he aSy 

\T m 'thXtr the affinity ta " ed di ~ ,iy ,abeied 

the ^ amounts of membrane proteins 

-cm 
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18. The method of claim 1 5 in which different samples represent proteins expressed in 
response to different environmental or nutritional conditions, different chemical or 
physical stimulii or at different times. 

1 9. A method for determining relative expression levels of proteins in two or more 
samples containing proteins which comprises the steps of: 

(a) providing an affinity tagged, substantially chemically identical and differentially 
isotopically labeled protein reactive reagent for each sample wherein the reagent has 
the formula: 

A-L-PRG 

where A is an affinity label that selectively binds to a capture reagent, L is a linker 
group which can be differentially labelled with stable isotopes and PRG is a protein 
reactive group that selectively reacts with certain protein functional groups: 

(b) reacting each sample with one of the protein reactive reagents to provide affinity 
tagged proteins in the sample, affinity tagged proteins in different samples, being 
thereby differentially labeled with stable isotopes; 

(c) combining the differentially labeled samples and treating the combined sample to 
cleave the proteins therein and to generate peptides; 

(d) capturing affinity tagged differentially labeled peptides of the combined sample 
using the capture reagent that selectively binds A; 

(e) releasing captured affinity tagged differentially labeled peptides from the capture 
reagent by disrupting the interaction between the affinity tagged peptides and the 
capture reagent; and 

(e) detecting and identifying the released affinity tagged differentially labeled peptides 
by mass spectrometry; and 

(f) measuring the relative abundances of the isotopically distinct ion peaks generated 
from an affinity tagged differential labeled peptide to determining relative expression 
levels of the protein from which the affinity tagged differential labeled peptide 
originated. 

20. A reagent for mass spectrometry analysis of proteins which has the general 
formula: 

A-L-PRG 

where A is an affinity label that selectively binds to a capture reagent, L is a linker 
group which can be differentially labelled with stable isotopes and PRG is a protein 
reactive group that selectively that selectively reacts with certain protein functional 
groups. 
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reac^ro'up' daim 20 WhSrein PRG iS 3 SU,fhydryi reactive grou P or an ™™ 
The reagent of claim 20 wherein PRG is an enzyme substrate. 

In^yler 1 ° f 2 ° A " L " PRG '' S SOluble in a sam P le to be 

The reagent of claim 20 wherein the linker is a cleavable linker. 
The reagent of claim 20 which has the general formula: 

A-B1-X1-(CH2)n-[X2-(CH2)m ]x-X3-(CH2)p -X4-B2-PRG 
where: A is an affinity label; 
PRG is a protein reactive group; and 

B1-X1-(CH2)n-[X2-(CH2)m Jx-X3-(CH2)p -X4-B2 is a linker group wherein: 

X1 , X2, X3 and X4, independently of one another, and X2 independentlv of other X? 

CS NRsfol T«' S i NHl NK NRR,+ ' C °. COO. COS. S-I SC S02 CO-NR 
of 5 o?'" 0, aryl or d,aryl 9rou P s or X1 - X4 may be absent- " 

CO^O nr"?*? Mp.Tr^?^^?!'? 6 '' 1 are 0ptional 9 rou P s seiected from COO, 
C °- NR • CS - NR • ( CH2 )q-CONR. (CH2)q-CS-NR'. or (CH2)q; 

SU m « 5^ f nd X arS Wh0 'f numbers that can take values from 0 to about 100 where 
the sum of n+xm+p+q is less than about 1 00; 

one n^'ZtZT^^l* 1 ^ ° r 3n aryl 9rou P that is optionally substituted with 
one or more alkyl, alkenyl, alkynyl. or alkoxy groups; and 

s^b S S L h t y i ^ w?h ^ • 30 a,kyl ' 8 T y !' a,kynyl ' a,kox y or an ar y' 9 rou P is optionally 
substituted w)th one or more alkyl. alkenyl. alkynyl. or alkoxy groups 

TkTlTnlfl!?™ ° f thS CH2 9r ° Ups in the linker can be optionally substituted with 
mJre al^LTjif^T' QrOUp that is °P tiona,, y substituted with one or 

aroLo r^inn y ' ^'V ° r 3 k ° Xy 9r0Ups ' an acidic 9 rou P- a bas 'o group or a 
bonds nn^n?n^ P ^ ane, ;V P uo ,tlVe ™ char 3 e: wherein ° ne ° r ™* single 

a trio L ES?-?2 ^ J H2 9rOUpS the ,inker can De re P ,aced with a d0 ^le or 

wifh^bTe ? S oCe ere ' n ° P m ° re ° f at ° mS " thS ' inker CaP bS SUbStitUted 

The reagent of claim 20 wherein the affinity label is biotin or a modified biotin. 

Jl e J e t a9ent ,° f f Si 20 Wherein the affinit y iabel is selected from the group 
o°^ohis!idine a 9 lutat hione. maltose, a nitrilotriacetic acid group, or an 
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28. The reagent of clajm 20 wherein the affinity label is a hapten. 

29. The reagent of claim 20 wherein PRG is a sulfhydryl-reactive group. 

30. The reagent of claim 20 wherein PRG is an iodoacetyiamide group, an epoxide, an a- 
haloacyl group, a nitrites, a sulfonated alkyl, an aryl thiols or a maleimide. 

31. The reagent of claim 20 wherein PRG is an amine reactive group, a group that 
reacts with a homoserine lactone or a group that reacts with carboxylic acid group. 

32. The reagent of claim 20 wherein PRG is selected from the groups consisting of a 
amine reactive pentafluorophenyl ester group, an amine reactive N-hydroxy 
succinimide ester group, sulfonyl halide, isocyanate, isothiocyanante, active ester, 
tertafluorophenyl ester, an acid halide, and an acid anyhydride; a homoserine lactone 
reactive primary amine group, and an carboxylic acid reactive amine, alcohols or 
2,3,5,6-tetrafluorophenyl trifluoroacetate. 

33. The reagent of claim 20 wherein PRG is a substrate for an enzyme. 

34. The reagent of claim 20 wherein PRG is a substrate for an enzyme the deficiency of 
which is associated with a birth defect. 

35. The reagent of claim 20 wherein PRG is a substrate for an enzyme the deficiency 
of which is associated with a lysosomal storage disease. 

37. The reagent of claim 20 wherein PRG is a substrate for p-galactosidase, 
acetyl-a-D-glucosaminidase, heparan sulfamidase, acetyl-CoA-a- D-glucosaminide 
N-acetyltransferase or N-acetylgIucosamine-6-sulfatase. 

38. The reagent of claim 20 wherein at least one of B1 or B2 is CO-NR' or CS-NR. 

39. The reagent of claim 20 wherein X1 and X4 are selected from NH, NR, and 
NRR'+, X3 is O and all X2 groups are O. 

40. The reagent of claim 20 wherein the linker contains a disulfide group. 

41 . The reagent of claim 20 wherein any atom of the linker may be substituted with a 
heavy isotope. 

42. A reagent kit for the analysis of proteins by mass spectral analysis that comprises a 
reagent of claim 20. 

43. The reagent kit of claim 42 that comprises one or more reagents of claim 20. 

44. The reagent kit of claim 42 further comprising one or more proteolytic enzymes for 
use in digestion of affinity tagged proteins. 

45. The reagent kit of claim 42 which comprises a set of substantially chemically 
identical differentially labelled affinity tagged reagents. 
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46. The reagent kit of claim 42 wherein the reagent is an affinity tagged enzyme 
substrate reagent. 

47. The reagent kit of claim 46 which comprises a set of substantially chemically 
identical differentially labeled affinity tagged enzyme substrates. 

48. The reagent kit of claim 47 further comprising a set of substantially chemical 
identical differentially labeled affinity tagged enzyme products. 
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Standard curve generated with a cysieine-biotinylated peptide and 
quantitation by stable isotope dilution. A) Zoom-scan from an ion-trap mass 
spectrometer showing a 4 amu isotope distribution for the [M-i-2Hp ions of the 
peptide modified with the isotopically light (1457.9 u) and heavy (1461.8) 
biotinylating reagents. The ratio (d0/d8) was 4.54. B) Curve generated from 
the analysis of isotope ratios from zoom-scans of 5 different concentrations of 
dO-labeled peptide measured in the presence of a known amount of peptide 
labeled with the isotopically heavy reagent. 
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